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NATIONAL ADVISORY COLMITTEE FOR AERONAUTICS.
TECHNICAL NOTE NO. 254.

METHCD OF CORRLCTING WIND TUNWJEL DATA FOR
CMITTED PARTS OF AIRPLANE MODELS.
By R. H. Smith.

Models of airplanes are now widely used.in wind tunnels
fo obtain results from which the performance and stability of
the full scale airplanes are predicted. The wind tunnel model,
however, does not have complete mechanical similaiity to the
full scale airpiane. Part of the dissimilarity is due to the
difference between the stationary model in the artificial wind
stream of the tunnel and the moving airplane in still air, in
that the former system can be brought into equilibrium by the
application of forces and moments external to the model wind
system while the latter system oan not. As a consequence, the
wind tunnel model may have any weight or centroid location con-
sistent with the capacity of the wind tunnel balance to bring
it into equilibrium at the desired attitudes to the wind.
Therefore the only similarity required between the full scale
airplane and the model is geometric similarity or similarity
of externmal form. | '

Further, departures are made from exact geometric simili—,
tude in those models which are to be tested in atmospheric tun-
nels, for the purpose of obtaining empirically the equivalent
of dynamic similitude and thus of escaping the experimental dif-
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ficulties of scole effects. While it may be shown that exact
dynamic similitude is 6btaineﬂ, and that the difficultles tlLeo-
resically disappear, if the mddcl VI/v is the same as that of
the full scale airplane, malking the prediction of full flight
performance from tests on geomcvrically similar models scientif-
ically exact, the practical difficulties of constructing such
models and testing them at such high values of Vi/v are great.
Actually, predictions which are sufficiently preccise for engi-
neering purposes, can be made on tests run on models, geomet-
rically similar to full scale, at values of V1i/v much below
the full flight value and almost within the urver 1imit of the
largsr and more powerful atmospheric tunnsls now in use. How-
wver, for further reductions of the VI/» of the model test,
prediction becomes increasirgly tad due to scale effects until
at the mocderate spesds of the lorger tunnzls only stalling
speeds and stability can be safely predicted from geomebtrically
similar models. ERather than to strive toward the higher values
of Vi/v for the purpose of escaping scale effects, 1t is much
more practical and economicsl for atmospheric tunnels to use a
considerabiy lower value of VIi/v and fo depart from geometrio
similitude in suqh a way as to evade the scale effects of some
parts and to cavse the scale effecis of others to be canceled
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on simplified models tested at nederatc air speeds and at atmos—
rheric pressure. The succeesful and economical prediction of
full socale airplane performance froa armospberic tunnel tests
rests upon the fact that this can be done for a wide range of
types and over a wide rangs of VI ratios between-model test
and full flight.

Airplane mcdels for tests in atmospheric wind tunnels are.
therefore made with two ends in view. The first is to provide
a modified model whose wind tumnel forces and moments are prac—
tically free of scale effects; that is, whose forces can be con-— *
verted to full scale according to the squares of the linear scale
and ailr speed and moments according to the cube of the linear
gcale and the square of the air spsed. The second end in view
is, since exact geometric similitude is to be departed from, to
provide a model as simple a8 pessible for reasons of accuracy
and economy in both testing and comstructing. For these two rea-
song one omits from the model al} minor parts of the full scale
alrplane, such as struts, wires, fittings, control horns and
other parts, whose scale correctibns are large. The resistance
and moments of these cmitted parts can be computed from tests
made on them separately at approximately full flight Vi/v and
added, since the presence of such parts on the airplane adds only
thelir own resistances as separately determined. On the other
hand, one includes in the model all those parts of the full scale

design where presence causes mutual interference between themn—
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selves and other parts of the mcdel and thersfore adds forces
and momente woich are diffeient from those meistred cn toe parts
separately. Besides the principle paits of the airviane, the
wings, body, tail group, arnd landing gear, such paris arc engine
cylinders, windchields or guns on fuselages, radiators between
the wings and nacellcs or ccckpits on the wings.

By onitting the minor parts of the airplane in the wind tun-
nel nodel and adding to the forces and monents of the model
those of these omitted parts mcasursd full scale and propcrly re-
duced, the scale effects of such parts disappear from the modcl
data. There remain, howaver, the scale corrections'on the major
parts of the airplane which are known to be large, particularly
for the wings and fuselage. Except for compensating effects,
these corrections would rcnder predictiomn of full scale perform-
ance from model tests in atmospheric tumnels difficult. Fortu-
nately, the acrodynamic cffects of omitting the propeller and of
making the model surfacc as smooth as possible, two further de-
parsures from geometric similitude between model and full scale
that add considerably to the accuracy ~nd economy of modelltests,
combine to cancel the scale effects of the major parts. Experi-
ment on both full scnle and model, thus simplified, hes shown
that the mutual effecct of the propeller and fuseclage, tho eéffects
of the slip stream, the difference in the surface roughness of
the airplane and its modol and the scale effects of the major
parte consistently disappear from the performance by mutual nul-

lification when the mcédel and full flight performances are com-
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pared. It is rarely that any individual item of performance,

such as 1énding speed, maximum speed, climb or stability, is found
to be effected by these corresticns buyond the precision of the
full flight teste.

In practice, therefore, ailrpliane wind tunncl models for
tests in atmoepleric tunnceis are composed of the mutually inter-
fering parts exccpt the propeller, in their correct relative po-
gitionse but trussed together with substitute struts whose effects
on the forces and mosnents of the rest of the model, called the
"remnant’ or *resadual® model, can be Ceterminsd and deducted.
In practice such struis are made as simple as possible, usually
they are of 3/33" diameter cylindrical brass wire, cross braced
along the wind where necessary for rigidity, and located with-
out referenco.to the design.st?ut positions or attitudes. Their
effect is determined from two tests, one made with the model
fitted with dupiicate or dvmmy struts, the other made without
then. The dummies are spaced about ten dliameters to one side of
the permaneﬂt ones, at the same altitude to the wind and 1n mod-
el positions as nearly similar as pcssible. The difference in
the forces and moments of the twoe tests is taken as the strut
effect. The forces and moments of the single strut test minus
the strut effect gives the forces and moments on the remnant
model.

The forces and moments of the double-strut model, single-

strut model and the residual model (Fig. 1) are given in Columns



N.A:.C+A+ Technical Note No. 254 8

1, 3 and 4, respcctively, of Table I. Oolumn 3 gives the strut

Two ways are open for ¢obtaining the forces and moments on
the complcete airplane at full scale frcm the forces and moments
on its remnant model, and the forces and moments of the various
omitted parts determined separately. The forces and moments on
the remnant model may be sealed up to full scale VI according
to tbe square of the speed and the square or cube of the scale,
respectively, and those of the omitted'parts at that VI added,
or the forces and moments of the omitted parts may be scaled
down according to the square of the speed and the square or cube
of the scals, added to those of the remnant model and the sum of
the forces and moments scaled up to'full goale according to the
same law. The former is betteéer theory since it is more direct
and avoids use of flctitious walues for the forces and moments of
the omitted parts, but the latter 1s better practice since 1t
makes the model V1 the standard for both test and performance
calculation, and thus avoids a second standard VI at full
scale from which to compute performance. The latter method, how-
ever, has the theoretical objection of uéing,-at model VI,
values for the forces and moments of the omitted parts which do
not obtain at that V1I. This method is the standard one at the
Navy Aerodynamio Laboratory.

In the case of the airplane model (Fig. 1), the parte omit-

ted in the wind tunnel model had a total resistance full scale
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at 70 miles per hour of 44.6 pounds and together with their dis-
tribution in the vertical plane, the line of acfidn 1.69 feet
below the design centroid. The scale of the model is 1/16.
Hence the omitted parts resistance reduced according to the sguare
of the scale-and speed to 1/16 full scale andzto 402miles per
hour, the standard test speed is (44.6) (3% (22) - .oss
pounds. The line of action on the model is (fg) (1.9') = 1.37
inches below the design centrold and 5.96 inches above the axis
about which the pitching moments on the model were measured. The
resistance of the omitted parts, therefore, execrts a positive
pitching moment about this axis, whick is (5.98) (.058) = +.346
pound-inch. These values for the omitted parts resistance and
piltching moment are entered in column 5. Finally, column 6, un-—
der the heading "Complete full scale craft at model Vi! contains
the forces and moments about the pitching moment axis of the
remnant model plus those of the omitted parts, reduced. When
these values of force and moment, the latter now referred to the
design centroid, are sealed up to full filight Vi according to
the square of the speed and the square or cube of the scale, the
forces and moments of the airplane model (Fig. 1) are obtained:
In such engineering tests on airplane models, as this on
model, Figure 1, no correction is mace to the yawing moments for
strut effect or for omitted parts. The assump%ion that the yaw-
ing moments, for small angles of yaw, are unaffected by any kind

of pure resistance members, such as struts or truss wires which

are placed symmetrically on cither side of the model plane of
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symmetry, has been considered as justified, particularly since
the only yawing moment data that requires high accuracy is that
near zero yaw. Similarly pure resistance parts, which exert
only drag forces, can not enter the rolling moment whose axls is
along the wind, and can enter rolling moments whose axes are
pltched to the wind only to the order of the sine of the angle
of pitch times the drag moment arising from the asymmetry of
flow past these parts caused by the ailerons. This is a second
order effect and therefore negligible. Both rolling and yawing
méments, as measured on the model with round struts, are therc-
fore considered valid as rolling and yawing moments on the full
scale design when sdéaled up according to the square of the

speed and the cube of the scale.
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TABLE

I.

Preliminary Tests -on Airplane Model, Deslgn No. 43, Figure 1.

1 2 3
fngle Remnant model Remnant model Strut effect
of + double struts + single struts (faizved)
* ok 4k 3k - ¥ -
attack L D M L +B M L L. M
-10° -.983% .466 +2.241 -.969 .385 +1.610 +.013 .081 +.833
- 8 —-.419. .380 +2.313 -.421 .2394 +1.732 +.013 .079 +.€00
- -.155 .Ze6 +3.482 -~.187 .280 +1.864 +.013 .079 +.ESO
- 6 +.1%37 .348 +3.539 +.1i25 .263 +1.958 +,010 .078 +.88L
- 5 +.407 .344 +2.832 +.577 .257 +2.085 +.008 077 +.574
- 4 +.868 .238 +2.730 +.847 .258 +3.137 +5005 .077 +.565
- 3 +.913 .3%33 +3.675 +.,913 .356 +4+3.114 O .076 +.558
- 2  +1.180 .333 4+5.5808 +1.163 .265 +3.093 —-.008 .0Y5 +.531
-1  +1.425 .339 +3.471 +1.442 .371 +1.955 —-.015 .075 +,547
0O +1.686 .3%43 +3.305 +1.714 .383 +1.804 -.C323 .074 +.542
2 +2.201 .387 +1.502 +2.243 .321 +).,380 —-.036 ,C72 +.537
4 +2.704 444 +1.304 +2.7656 .373 +1.712 -.051 .O7L +.5335
& +3.221 .505 + .351 +3.260 .430 - .183 -.085 .C70 +.531
8 +3.682 .593 ~ .715 +3.860 .B34 -1.243 -.078 .068 +.5239
10 +4.183 .697 —1.923 +4.859 .B33 -2.488 -.083 .067 +.527
12  +4.619 .827 -3.175 +4.701 .774 --5.730 -.107 .065 +.536
14 +5.014 .982 —4.415 +5.158 .916 -4.974 -.131 .084 +.535
18 +5.630 1.289 -7.339 +5.7€0 1.247 -7.778 -.152 .0681 +.535
20 +4.841 1.814 —-4.533 +4.976 1.767 -5.394 -.164 .080 +.535
23 +4.726 2.004 —-4.906 —4.940 1.976 ~5.666.-.178 .052 +.535
24  +4.755 2.194 -5.037 +5.030 2.211 -8.038 -.193 .058 +.535
¥ Lift in pounds.
** Drag in pounds. .
*¥% Pjtching moment in pound-inches about test axls.
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TABLE I (Cont.)

10

Preliminary Tests on Airplanc Model, Deeign No. 43, Figure 1.

Angle . 5 S
Remnant model Omitted parts Complete full-scale
of at model V1 craft at model V}§
attack L* D¥*  Ape®* T, D M L D .
~-10° -.981 .304 *988 O .058 +.3486 -.£81 .353 +1.334
- 8 -.443 .315 +1.132 O .058 « 346 —. 443 8738 +1.478
-7 -.178 .201 +1.374 O .0B8 +.348 ~. 1798 -85 +1.0620
- 6 +.115 .185 +1.377 O .GB8. +.348 +.115 2343 +1,723
- 5 +.369 .180 +1.491 O .053 +.346 +. 339 .238 +1.837
- 4 +.6843 .178 +1.572 0O .058 +.348 +.642 .333 +1.918
- 3 +.913 .180 +1.556 0O .083 +.348 +.513 .238  +1.903
-3 +1.301 .180 +1.542 O .CB38 +.346 +1.201 .2348 +1.887
-1 +1.457 .199 +1.408 0O .CB8 +.346 +1.457 .354 +1.754
0 +1.73% .309 +1.268 O .053 +.348 +1.736 .337 41,608
2 +3.279 .249 + .833 0O .0S3 +.346 +2.579 307 +1.189
4 +3.830 .302 + .178 O .0B83 +.348 +2.830 .360 + .535
6 +3.335 360 — .7i4 O .CBB +.34B +3.3385 .418 -~ .368
8 +3.838 .4586 -1.771 0 .CB8 +,.3%46 +3.238 .514 -1.4235
10 +4.332 .5688 -3.013 0O .CB8 +.348 +4.333 .624 -3.667
13 +4.808 703 —-4.356 0 .GCE8 +.34% +4.808 767 -3.910
14 +5.373 .853 -5.492 0 .0353 +.348 +5.373 -910 -5.153
18 +5.644 1.018 -6.8865 O .053 +.348 +5.644 1.078 -B.519
18 +5.812 1.186 -8.303 O .(B8 +.343 +5.912 1.244 -7.957
20  +5.140 1.707 -5.818 O .(CE8 +.348 +5.140 1.785 -5.473
23 +5.118 1.917 -6.191 O .0B8 +.348 +5.118 1l.975 -5.845
24 +5.213 3.153 -6.563 O .058 +.248 +5.313 23.211 -6.2317

* Lift in pounds.
** Drag in pounds.
*¥* Pitching moment

in pound-inches

about test axis.
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l Fig.l ' Model of No.43 airplane.
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